Hippocampal place cells vary both their firing rate and also the timing of their action potentials relative to the theta rhythm as an animal moves through space, suggesting that these neurons utilize both these features to encode spatial information. Place cells within the CA1 subfield receive synaptic input from CA3 (via the Schaffer collateral pathway) and also EC3 (layer 3 of entorhinal cortex via the perforant pathway). These pathways are thought to carry different modalities of information, for example auto-associative memories from CA3 and more sensory-driven information from entorhinal cortex. We seek to understand how both modalities of information are represented in the spiking outputs of CA1 place cells.
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One model of CA1 phase precession [1] has proposed that these two input components drive CA1 spiking over spatially-offset but overlapping ranges of positions, and also over different ranges of theta phases. Because CA3 and EC3 inputs drive spiking at different theta phases in this model, changes in relative input strengths can be quantified by examining spike theta-phase distributions. For example, when one input component dominates CA1 spiking, the result is a unimodal theta-phase distribution, but if both input components drive CA1 spiking, their different theta-phase ranges produce a more bimodal theta-phase distribution.
In this study, we examine the spike patterns of CA1 place cells recorded from young and aged rats. Aged rat brains show a decreased number of functional synapses from CA3 to CA1 pyramidal cells compared to brains from younger rats (for review, see [2, 3] ). This suggests that theta-phase distributions of CA1 place-cell spiking will change with aging. We find that place cells from aged rats are more strongly theta-modulated, suggesting that CA3 input plays an important role in either driving or facilitating a second spiking component of CA1 activity.
